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INTRODUCTION 
Ice cream dates -back to before the Roman Empire (6), and since 
has r~mained a world favorite. In the U.S., consumption of ice 
1 
cream has been about 8.3 kg per_ capita per year since 1950 (58). In 
1950, the frozen dessert industry used approximately 5.9% of the milk 
supply; however in 1977 this had increased to 9.4% (58). This 
represents a sizable portion of the U.S. dairy industry, which in 
1978 used E.2 million metric tons of milk equivalents to produce 4.6 
billion liters of frozen desserts, including 3.1 billion liters uf 
ice cream (2) .. 
Today, the ice cream industry is largely concerned with ingredient 
costs, such as milk solids, sugar, milkfat, etc., and possibly .losing 
ice cream's reputation as a nutritious and natural product (30). With 
the increased cost of nonfat dry milk (NFDM) from $0.44/per kg to 
$1.72/per kg over the last ten years, the ice cream manufacturer is 
looking for a less costly source of milk solids nonfat (MSNF). There 
have been many new products developed which are suitable for 
incorporation into dairy products and other foods .. Currently, whey has 
become available in greater quantities with improved quality and flavor 
(80). With the cost of dry whole whey one third that of NFDM (5), 
there has been great interest in the increased usage of this milk solids 
source as a replacement for NFDM. 
The use of whey as a NFDM replacer provides a new opportunity for 
the ice cream industry to reduce production costs and reduce the 
pollution of our waterways. The increased eutrophication from dumping 
whey into lakes, rivers and streams has caused losses of fish and 
wildlife (48, 53, 55)o This fact and increased pressure from the 
Environmental Protection Agency (EPA) has caused the dairy industry 
to promote whey as a possible replacement of NFDM. 
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This concern over whey utilization has promoted the development 
of new processing methods resulting in better quality dry products 
having increased application and nutritional value (17, 26, 48). 
Today whey solids, such as delactosed protein concentrates, 
demineralized dry whey and lactose hydrolyzed whey products, are no 
longer mere by-products of the cheese industry, but are nutritious 
protein sources .. 
The Federal· Standards of Identity (FSID) state that ice cream 
must contain at least 10% milk fat and at least 20% milk solids, of 
which whey can replace up to 25% of the MSNF in the ice cream (6). 
The economic advantages and availability ·of whey prompted the 
International Association of Ice Cream Manufacturers (IAICM) on April 
12, 1977 to request from the Food and Drug Administration (FDA) a 
change in the FSID on ice cream (22). Under the proposed standards 
substitution of any "safe and suitable" ingredient would be allowed 
if a minimum of 2.7% protein was maintained in the final product (22). 
This would allow the use of other dairy derived ingredients as MSNF 
sources in ice cream. However, in July, 1977, the proposed standards 
were rejected by the FDA (23). Since then the question has been 
reopened many times without a revocation of the July, 1977 decision 
being the result (24, 25). FDA's major concern and reason for 
rejection. was that with some .formulations of ice cream mix the 
nutritional quality may suffer (24, 25). · 
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The objective of this research was to determine the feasibility 
of using substitute milk derived ingredients as replacements for 
NFDM as milk solids in ice cream. Ingredients used were dried whey 
and casein derivatives. Ice creams made from these ingredients were 
analyzed for composition and flavor. Samples of these ice creams 
were also evaluated by a consumer group consisting of randomly 
selected families from Brookings. 
LITERATURE REVIEW 
Ice cream is a frozen dessert made by freezing a pasteurized 
mix containing milk products, sugar, corn syrup, water, and other 
optional ingredients such as flavoring, stabilizer, emulsifier, or 
eggs. All ingredients- must be of wholesome and edible material. 
Composition of ice cream varies from region to region in the world 
and even in the U.Se According to Ar.buckle (6), a good average 
ice cream contains 12% milkfat, 11% MSNF, 15% sugar, 0.3% 
stabilizer-emulsifier, with 38o3% total solids. 
Since the start of the U.S .. ice cream industry in 1859, sales 
have increased from 15,120 liters to over 3 billion liters in 1975 
(6) .. To increase ice cream sales and· profits, the U.S. ice cream 
indus:try started a search for more suitable and less costly 
ingredients soon after 1859 .. The idea of casein as a source for 
MSNF in ice cream was first reported in 1935 (13) .. Whey was 
recognized as a plausible substitute for NFDM during the shortages 
of milk solids and sugar during World War II. 
Whey Supplies and Utilization 
Whey solids production has doubled from an estimate of 454.5 
million kg in 1965 to over 1 billion kg in 1976 (58) .. On a world 
basis in 1975, whey production had been estimated at 73 billion kg 
(72). In the same year, the United ~tates produced 13 .. 9 billion kg 
of this cheese whey, 56% (7.7 billion kg) of this was utilized in 
human and animal food; the rest was wasted (72). In 1977, the U.S. 
generated 19.8 billion kg of whey, containing 1 million kg of whey 
4 
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sol.ids (80). · 
Whey places a heavy load ·on current sewage systems because of 
its high biological oxygen demand (BOD) level. One estimate . equated 
the production of 3,80~ liters of whey by a cheese plant to the same 
load on a qewage system as a city of 1,800 people on a daily basis 
(35, 81). The dumping of whey into rivers and streams is illegal, 
for whey has adverse effects on fish, even in a dilution of 1 to 
25 volumes of water (84). With these facts in mind the industry is 
try°ing to develop new uses for whey and its derivatives. 
Nutritional Value of Whey 
Whey is the by-product from cheese making. It contains lactose 
(4.7%), protein (0.9%), minerals (0.5%) and traces of fato The whey 
proteins are those contained in the whey which are not coagulated 
in the cheese making processc The major whey proteins are 
B-lactoglobulin and ~-lactalbumin, which are highly nutritious and 
easily digested (26, 63, 77). 
Nutritionally, protein quality depends upon the composition of 
the protein; the presence and concentration of various amino acids; 
the digestibility of the protein; and its biological availability 
(59). Certain amino acids are required by the human body, but are 
not synthesized by the body, so they must be supplied in the diet, 
thus the name essential amino acids. 
One method of determining protein quality is by using a 
biological assay, which yields an assessment of digestibility as well 
as the efficiency of the amino acid adsorption. The most commonly 
used biological assqy statis~ic is the protein efficiency ratio 
(PER)~ on which the USDA bases the reconnnended daily allowances 
(US-RDA) ., for human nutritive value of a food (39 ). If the PER 
of a protein in a food is equal to or greater than casein, 45 g of 
that protein meets the US-RDA. If the PER is less than that of 
casein~ 65·g of the protein is required to provide the US-RDA (39) .• 
The PERs or some common proteins are presented below in Table 1 .. 
Milk prot~ins .have excellent nutritional value; whey proteins have 
the highest PER value on Table 1. 
TABLE 1. Protein efficiency ratios for various food proteinsa. 
Food Protein 
Source 
Casein 
Nonfat dry milk 
Egg 
Soy 
Corn 
Whey 
Adjusted Protein Efficiency Ratio (PER) 
(Casein= 2.50) 
2.5 
2.7 
2.6 
2.2 
2.2 
3.2 
a Source: Dairy based ingredients for food products .. 
Distributed by Dairy Research, Inc., 1977. Rosemont, IL. 24 p. 
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Whey is a good nutritional source for the carbohydrate, lactose, 
which -enhances the absorption and mobilization of calcium needed for 
the prophylaxis of rickets in young children (14). Lactose also 
' 
promotes the growth of microflora in the intestine which synthesize 
nicotinic acid~ needed by the body to prevent human pellagra ( 14 ) .• 
Lactose is one fifth as sweet as sucrose and has a lower solubility, 
7 
making it le~s irritating to ·the stomach and intestinal mucosa (14). 
Vitamins and minerals are also found in whey. Riboflavin is 
present in consi~erable quantity, with concentrations of 22 mg per 
kg 0£ dry whey (79). Calcium and phosphorus in whey increase its 
nutritional value. Calcium is needed for skeletal growth and 
maintenance, cell membrane integrity and permeability, control of 
nerves and muscular contraction and relaxation, assurance of cardiac 
rhythm and activation of enzymatic and secretory processes (1). 
Alo~g with calcium, phosphorus is utilized by the body in ·skeletal 
growth and maintenance; also for ~nergy usage, storage and transfer, 
and the maintenance of blood acid-base balance (14). 
The Use of Caseinates and Processed Whey in Foods 
Whey solids, casein and caseinates consumed as components of 
human foods, contributed approximately 78.9 million kg of high quality 
protein to the American diet in 1974 (26, 72). This amount has been 
increasing due to the improvements in casein and whey products. The 
improvements have been in processing technology, product quality a~d 
nutritional value. 
Caseinates 
Caseinates are salts of casein the major milk protein. They are 
manufactured by preparing an aqueous collodial suspension of acid 
precipitated casein by the addition of alkali (39)o The suspension is 
pasteurized and spray dried in the salt form which is dependent upon the 
alkali used. Sodium and calcium caseinate are the most common salts, with 
sodium being the more soluble. However, calcium caseinate is used in 
specialized dietary foods when sodium intake has to be restricted 
(39). 
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Caseinates have been reported as having industrial uses 
including glues, paper coatings, and stabilizers (60). The lncreased 
usage of caseinates in' foods lies in the functional properties of 
the caseinates: the ability to bind water; and the ability to 
emulsify fat (39). Sodium caseinate has long been used in meats and 
bakery goods (60). However, applications have now extended to 
encompass breakfast cereals, simulated whipped cream, des~erts, 
puddings, gravies, powdered toppings, coffee whiteners, and im~-t::ation 
milk products (39). Because caseinates are declared as a food 
"chemical" deriv~d from milk, they may be legally used in non dairy 
products (coffee whiteners) and imitation dairy products (imitation 
cheese) (42). This fact has presented a severe problem to ice cream 
manufacturers for by. law they can not incorporate a food chemical 
(caseinate) into a natural product (ice cream) even though it is a 
suitable milk protein source., 
Dry Whole Whey 
Whey has long been used as a feed for cattle and swine (31, 32). 
Roller drying was long used as the only method of processing whey. 
Many new methods for processing whey- into a more soluble, lighter 
colored, non-hygroscopic product hav~ been developed (20)., With these 
improvements whey and the new derivatives have been extending and 
increasing in usage in the food industry. 
The first major change in whey product technology was a change 
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.from a roller to spray drying (48, 73). With roller drying, certain 
problems existed such as burning, browning, stability and caking of 
the products ( 48 ,· 73). Since the evolution of spray drying the 
problems have been reduced to pH balance with acid-whey, "pinking" 
from the annatto cheese coloring, and the Maillard browning reaction 
of protein and lactose during storage (48). One of the next 
improvements was that of agglomeration of the product so as to 
instantize the powder, thus increasing its solubility. 
_Whey proteins are soluble in both acid and alkaline solutions 
(33), yet have good water solubility (83), and exhibit 
good emulsifying properties (20). They have been used to produce 
foams (33), but ~he percentage of overrun and stability are 
dependent upon heating temperature, pH and fat content. Sauces and 
gravies can be stabilized by whey against high or cold temperature 
colloidal breakdown. The addition of whey does not obscure the natural 
color, but enhances the flavor and smoothness (17). 
Products Derived from Whey 
Extensive reports have been published on the various methods used 
to create new derivatives from whey. Dry protein concentrates are of 
a major interest. Whether concentrating is accomplished by reverse 
osmosis (R/0) (54, 57), ultrafiltration (UF) (56, 68), dialysis (27), 
or gel filtration (21), each end-pro~uct has certain beneficial and 
practical applications in the food industry. 
Reverse osmosis and ultrafiltration are the most beneficial 
methods of concentrating whey proteins before <lrying. Both are 
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membrane filtration processes· which yield a high protein product, 
reduced in lactose and soluble substances such as minerals and salts 
(54, 56). This enhances the nutritional value and enables the use 
in more foods than dry whole whey. The protein value is equal to 
or greater than that of NFDM enabling direct replacement for NFDM 
. 
using dried UF and R/0 concentrates. 
The price of these protein sources has made substitution not 
only beneficial by lmproving quality, but quite profitable for some 
manufacturers (39). With whey products becoming economic~lly 
advantageous, larger quantities h:,.ve been processed and used in human 
food versus animal feed as in the past (26). In 1970, per capita 
consumption of whey increased more than seven times what it had been 
in 1960 (32). The u.s. is currently using over half the whey produced 
(72) and of this, over half is being used in food products (26). 
Some food products in which whey and its derivatives are being 
used are: confections and candies (41, 53), bakery goods (36, 53), 
beverages (37, 38, 47), soups and gravies (72, 73), cereals and pasta 
(48, 53, 83), seasonings and flavorings (48, 53), processed meats 
(40, 48, 53), imitation foods (40), specialty and dietary foods 
(40, 83, 84), : as well as snack foods (36, 40, 48)., The usage of 
derived whey products has been cited for the following dairy products, 
yoghurt (34, 44), dairy drinks (37, ~8), and many cheese products 
(40, 73, 82). The most prominant usage has been in the frozen 
dessert category of dairy products. Specific usage in sherbets 
(7, 19, 65), water ices (7, 19, 27, 65), quiescently frozen 
novelties (7}, and ice milks (27) have been reported., Yet in 
comparison to dairy or any other food producT, ice cream is the 
leading user of whey (80). 
The Use of Casein and Processed Wheys in Ice Cream 
11 
Whey ~irst received recognition by ice cream manufacturers during 
World War II .. When there was a shortage of milk solids and sugars, 
whey could be used to replace some of each in ice cream (49). However, 
as pointed out by Leighton (49), the use of whey was not · permissible 
and in high concentrations could lead to a sandy defect in the final 
ice cream. In low concentrations the use of whey was feasible for 
11, 12 and 24% butter fat ice cream, showing markedly improved body 
and texture of the final product (67)., 
Dry Whole Whey 
The use of dry whole whey at 1, 2, 3, 5 and 10% of milk solids in 
three different flavors of ice cream was tested against a NFDM control 
ice cream (67). Samples of different composition and flavor including 
a non-flavored sample were stored at -25 C and transferred to a 
commercial freezer (-14 C) until periodic organoleptic analyses were 
performed (67). The results indicated that with higher concentrations 
of whey solids and longer storage times in a commercial freezer there 
was an increased probabllity of sandiness occurring . (67)., 
' The next reports using dry whey in ice cream were in the 1970's. 
Great changes have occurred in stabilizers and emulsifiers which 
helped control body and texture defects including sandiness in ice 
cream (61). In 1970, Tobias reported on the benefits of whey use in 
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ice cream: c·ost, functional properties, and quality improvement 
(76). Other advantages using ·dry whole whey in ice cream were 
flavor enhancement and whipping ability improvement (76). Rothwell 
(69) gave further praise to the economical advantage and physical 
property i~provement contributed by whey. However, he warned that 
even with an efficient stabilizer, the amount of dry whole whey 
used should be limited so that defects would not occur in the final 
ice cream (76)o Cosgrove (16) has shown similar concerns, including 
concerns of a lower freezing point for the mix, a less stiff product, 
reduced resistance . against heat shock, and the possibility of "whey" 
or "salty" off-flavors. 
Illustrative formulae of replacement of HFDM with dry whole whey 
or other whey products have been suggested (7, 28, 51). Replacements 
of 25, 30, 50, and 75% with dry whole whey or demineralized dry whey 
have been used to make ice creams in a 5 gallon batch freezer (62). 
These ice creams were then rated by a panel on a five point hedonic 
scale; results indicated ice cream with whey addition was preferred 
to the control ice cream (62). Flavor panelists were unable to 
distinguish ice cream samples made with dry whole whey from those with 
demineralized whey (62). No statistical analyses were stated for the 
flavor panel studyo Arruckle (7) als~ reported there is little danger 
• of sandiness resulting from the use of whey up to 35% replacement of 
the MSNF portion of the mix and under rapid turnover perhaps as much 
as 50% replacement could be used. 
Dry whey has also been used as milk solids in ice cream 
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internationa~ly (19,' 46, 69).· Egypt's equivalent of ice cream 
(6% fat, 11% solids) was tested for replacement of 1, 2, 3 and 4% 
of MSNF (46). Overrun and melting resistance of the resultant ice 
cream decreased as whey solids content increased in the mix. Yet it 
was concluded that replacement of 20-25% of the milk solids non-fat 
was feasible ( 46). 
Acid Whey 
Acid whey formed by the production of cottage cheese has also 
been used in frozen desserts. Because of its high acidity its use 
has been shown to be more feasible in sherbets and water ices 
(52, 65). This high acidity presented problems with drying until 
neutralization and spray drying technology reduced these problems. 
Since drying was a problem the use of liquid acid whey and condensed 
acid whey were investigated along with dry acid whey (43, 50, 51, 52). 
All ice creams were found to be acceptabl_e, yet some did develop 
off-flavors during storage, which could be eliminated by buffering the 
acid whey (43). Samples of ice cream with 9, 18, 25 and 27% 
replacement levels were examined by a panel of judges ( 43). Results 
indicated dry acid whey should not be used in concentrations any 
6 
greater than 10% of the MSNF without being neutralized first to avoid 
undesirable sensory properties ( 43). 
In 1975, cottage cheese whey de~ivatives were tested against a 
NFDM control at the 20, 50, and 100% replacement level (52). Acid whey 
derivatives compared were, an ultrafiltrated whey concentrate, an 
evaporated whey concentrate, and a hydrolyzed whey concentrate (52). 
3444 82 
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.Organoleptic results· indicated that at high concentrations only 
mixes made with enzymatically hydrolyzed. whey consistently produced 
flavor scores equal to the control (52). A significant decrease in 
protein content occurred when either evaporated whey concentrate or 
hydrolyzed whey concen·trate was used ( 52). 
Whey Concentrates 
Concentrates have shown the most promise for the use of whey 
in ice cream and therefore . in some countries are being used extensively 
(19, 42, 64). The United Kingdom is not clear on the iss1,1e of whey 
and its derivatives used in ice cream. However, the use of 50 and 
90% demineralized whey has been suggested to avoid the chance of 
"salty" or "sandy" ice cream (70). 
Reverse osmosis and ultrafiltration are the leading methods of 
concentrating whey • . These methods not only demineralize whey, as does 
ion exchange, but concentrates the protein at the same time. 
Ultrafiltration and reverse osmosis preparations of whey show 
reduction in lactose, which enables the product to be more readily 
used in ice cream. The use of these products in ice cream is 
controversial with contradictory reports on the effects on ice cream. 
Some reports indicate adverse affects on ice cream with UFWC used as 
MSNF (76), while others praise the use of these products 
(12, 19, 50, 68). In replacement of ponfat dry milk at 50 and 100%, 
claims of excellent flavor, outstanding body, ease in handling in 
freezing and packaging, and excellent heat shock stability have been 
reported while saving the manufacturer money on each gallon made (74). 
·Bhusri and Jordan (12) tested similar whey concentrates and blends 
of milks solids including whey and whey concentrates with very 
favorable results. 
Hydrolyzed Whey 
15 
The use of hydrolyzed whey has also been praised but few trials 
have been run using this derivative in ice cream (51, 36). The use 
of a product such as this would fncrease with a sugar price increase. 
In a hydrolyzed whey product lactose is hydrolyzed or split into the 
two monosaccharide component sugars, glucose and galactose, to yield 
a sweeter product. . This could mean a reduction in the amount o.~ 
sucrose or corn syrup solids needed to sweeten the mix. Lowenstein 
et al. (51) found that using a hydrolyzed cottage cheese whey in 
replacement of MSNF produced an ice cream of acceptable quality. By 
using a whey derivative where enzymatic hydrolysis of lactose has 
occurred the manufacturer would recover all the whey solids, while 
eliminating the need for effluent disposal (9). 
Sodium Caseinate 
The use of sodium caseinate in the past has been in addition to 
milk solids nonfat and not in complete replacement. Early research 
reported casein and caseinates to be insoluble and hard to work with 
until an alkaline form was produced (13). Bird et al. (13) reported that 
"soluble" casein can be used as an ic~ cream filler and as an addition 
to gelatin stabilizers. When sodium caseinate was used in replacement 
of 1, 2, 3, 4 and 5% of serum solids, whipping time was decreased and 
initial overrun was increased (13). However, the amounts of milk 
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protein that ,would be required to yield sufficient improvement in 
whipping ability, body, and t~xture score would become questionable 
(13). Recently 9alcium and rennet c~seinates have entered the market. 
Both are claimed to have improved flavor qualities by New Zealand 
Milk Proteins, Inc. (78). The usage of these products in ice cream 
has yet to be fully investigated. 
The Federal Standards Question on Allowable Ingredients in Ice Cream 
Recently the Food and Drug Administration (FDA) was asked by the 
International Association of Ice Cream Manufacturers (IAICM) to change 
the federal standards on ice ere?~ (22). The Federal Standards are 
the national laws, which specify the identity of ice cream as we know 
it todayc Contained within these laws are the minimums and maximums 
on substances allowed in ice cream, plus statements on non-allowable 
ingredients. 
Currently, ice cream is defined to include: (1) a milk fat 
minimum (10.0%), (2) a minimum weight per gallon (4.5 lbs/gal), (3) a 
maximum percentage of stabilizer (0.5%), and (4) usually a minimum 
percentage on total milk solids (20%) or milk solids nonfat (10%), 
of which whey may be added to replace up to 25% of the milk solids 
nonfat , in the mix. 
Proposed on April 12, 1977 (22) in the Federal Register were the 
following final regulations amending.the standards of identity for 
frozen desserts primarily to: (1) provide for full ingredient 
declaration of all the frozen desserts; (2) provide for the use of safe 
and suitable ingredients; and (3) provide for replacing the long 
standing use of a nonfat milk solids minimum with a milk protein 
minimum. This would allow for the replacement of nonfat dry milk 
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in part or totally, with a milk-derived ingredient such as processed 
whey or caseinate, both of which would be considered suitable. There 
are some authors who believe that under the proposed standards ice 
cream manufacturers will make their products to legal minimums using 
only butter oil, sodium caseinate and whey (45). As pointed out in 
the same article (45), this may lead to the quality of the product 
suffering serious flavor and physical defectso Therefore, substitution 
and reduction in quality will be minimized to maintain a level which 
is not objectionable to the consumero The fear of nonfat dry milk 
suppliers losing some of their market to whey and whey products, 
thus increasing the surplus of nonfat dry milk was also a case against 
opening the standards of identity (71)o 
The advantages of the proposed standards as stated by Hutton 
(42) are: 
(1) Nutritional -value of ice cream is preserved. 
(2) The setting of a protein minimum (2.7%) makes the protein 
content of ice cream more controllable - permitting more 
dependable enforcement of the standard in the industry. 
(3) The use of lower cost ingredients protects the consumer 
against rising energy, labor, and investment costs associated 
with the manufacture of ice cream. 
(4) Assurance that all ingredients are safe and suitable as 
provided for by the FDA. 
(5) Avoidance of unnecessary food waste at a time of growing 
worldwide food shortageso 
The question of allowing the use of safe and suitable milk-derived 
ingredients has remained omnipresent in the ice cream industry. In 
May, 1978, (25), the FDA reaffirmed their stand on the provisions 
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stated in the July, 1977 proposal (23). Therefore, whey can be 
substituted in replacement of up to 25% of the milk solids nonfat 
present. Full ingredient labeling will be required as of July 1, 
1979. A reduction in .milk solids will be allowed when bulky flavors 
are added to ice cream (23)e This was the most recent challenge 
of the identity standardse The May, 1978 challenge of the standards 
of identity was the most recent, however probably not the last. 
Caseinates are a large problem to the dairy industry, for although 
they are milk-derived, they have previously been classified as 
"chemical" derived· from milk to facilitate use in non-dairy creamers. 
The IAICM has petitioned the FDA with a limited proposal reconsidering 
the 1973 petition for sweet acid and modified whey usage, leaving the 
caseinate question to be settled at another time (3)e 
Consumer Studies of Replacement Milk Solids Nonfat in Ice Cream 
The consumer has been the target of the ice cream industry since 
Marco Polo returned from the Far East with the idea of frozen desserts 
in hopes of pleasing the officials of Rome (6). Since then whenever 
any change in a product is made the first concern has been how will 
the consumer react towards the changee With the idea of using whey 
products and caseinates in ·ice cream, concern focused on the consumer's 
evaluation of the various products. 
The first major consumer study in use of added milk solids 
was in 1944 (8) •. This was a panel preference study comparing ice cream 
samples in which various amounts of dried or concentrated skim milk 
were compared. 
Ice creams containing dry whey were evaluated by consumers in 
1960 and the results reported_ by Crowe (18). Ice cream made by a 
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least cost formu~ation was evaluated by consumers in the same year (28). 
Consumer panels were used in both studies where two samples were 
presented for evaluation. Crowe substituted dry whey at 50, 75, and 
100% replacement levels (18). In both studies there was no significant 
preference by consumers at the (P<.05) level (18, 28) for any of the 
test ice creams versus the control. Botl! investigators _checked for 
th~ occurrence of a sandy defect caused by lactose crystallization (18). · 
Simulation of comme~cial distribution and storage at various 
temperatures over time was used as a method for promoting lactose 
crystallization by Frazeur et al. (28). 
Later Frazeur and Harrington (24, 29) tested the use of 
electrodialyzed whey. Results showed excellent and average quality 
wheys were suitable ingredients in ice cream against a control ice 
cream (27, 29). The three experimental mixes with the whey substitutions 
for 25% of the milk solids nonfat were consumer preference tested at the 
1966 Indiana State Fa{r (29) ·. The flavor of ice cream containing 
electrodialyzed dry whey and the control ice creams were preferred to 
the excellent-flavor-whey ice cream (P<.01) and to the average-flavor-
whey (P<.05) ice cream (29). No statistically significant difference 
was observed between the electrodialyzed dry whey or the control ice 
f 
cream (29). Also, the flavor of the excellent-flavor-whey containing 
ice cream was preferred (P<.05) to the ice cream with the average 
flavor whey (29). 
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The price of NFDM increased four-fold between 1966-1976. 
Therefore the savings by the use of whey became the topic of much 
research (4, 28, 32, 74). Claims have been reported that blends of 
wheys and/ or caseinate_s could be substituted for nonfat dry milk with 
the same functional characteristics, equal or better protein quality, 
and substantial savings (4). Blends in this study included: (1) 
a whey protein concentrate (2) a whey protein blend (3) an all dairy 
blend (milk and whey proteins) and (4) a fresh curd caseinate and 
whey combination. Modified wheys and whey- blends were used in 
another study (74) ·where there was no significant difference between 
score means of experimental ice creams and the control. These 
experimental milk solids replaced all the milk solids nonfat with 
either: a blend of two-thirds neutralized acid and one-third 
ultrafiltrated whey or a blend of three-fourths sweet whey and 
one-fourth ultrafiltration retentate (74). 
Most recently a consumer survey showed the image of ice cream 
to be melting away (30, 66). This study indicated the general 
public believes ice cream to be: too expensive; not as nutritious 
as in the past; not a natural food, with a growing belief that there 
are too many additives in it; packaged poorly; and even slipping 
slightly in flavor. Qua -:kenbush states ( 66); 
I 
"The dairy industry should be concerned about the declining image 
of ice cream. It is a $2.5 billion business that affects everyone 
from farmer to consumer. It utilizes nearly 10% of the milk supply. 
It is a good nutritious product for consumers." 
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This project may promote the feasible use of caseinate, whey, 
and whey products as a replac~ment for nonfat dry rnilko The project 
obtained consume~ response of these substitute ingredients in ice 
cream. 
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MATERIALS AND METHODS 
Ice cream mix was formulated by simple calculation with the use 
of a blend sheet (Figure 1) as described by Arbuckle (6). All mixes 
were calculated to maintain the protein level at 2.7%, a level 
recommended as part of the proposed standards of identity (22). The 
substitutions for NFDM were: dried ultrafiltrated whey concentrate 
(UFWC); a blend of ·UFWC and dry whole whey (DWW); and a blend of DWW 
and sodium caseinate (CAS). There were two replacement levels of 50% 
and 100% substitution for NFDM. Comparisons were made between the 
experimental ice creams and a NFDM control ice cream. Composition 
and comparative cost for the milk solids nonfat ingredients are given · 
in Table 2. Other ingredients used in the ice cream mix were cream, 
beet sugar1 , corn syrup solids
2
, and a stabilizer-emulsifier blend
3
• 
Fluid ingredients were placed into a 450 liter vat into which 
all dry ingredients for a given mix were incorporated with the use 
of a powder funnel and pump arrangement. All mixes were pasteurized 
in the vat at 72 C for 30 min. Homogenization followed in a two stage 
homogenizer4 with 900 kg/cm2 pressure on the first stage and 
1u & I Sugar, U & I Incorporated; Salt Lake City, UT. 84110. 
2 R I . 
Corn Syrup Solids, Staleydex 333 Dextrose; A. E. Staley Mfg. 
Co.; Decatur, IL. 62525. 
3MP18EE Stabilizer-Emulsifier Blend; Milk Proteins, Inc.; Troy, 
MI. 48084. 
4
Manton-Gaulin Homogenizer; Manton-Gaulin Mfg. Co., Inc.; 
Everett, MA. 
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FIG. 1. Blend sheet for ice cream formulation. 
Ingredients 
Cream (%) 
NFDM 
Caseinate 
UFWC 
DWW. 
Beet Sugar 
Corn Syrup Solids 
Stabilizer Blend 
Water 
Totals 
Weight 
kg 
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Week ~-~--::---------Batch Code #s 
Treatment Mix _______ _ 
Date 
Amt. of Fat 
kg 
Amt. of Serum 
Solids kg 
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. I 2 I 2 180 kg cm pressure on the second stage for 1080 kg cm total 
pressure. The mix was then cooled by a plate cooler to 3-4 Cat 
which time samples were taken for compositional analysis. All mixes 
were stored overnight at 2-3 C in cleaned and sanitized 37.8 liter 
milk cans.· This procedure was followed when making the mix needed 
for two weeks of consumer and compositional analysis. The amount 
needed for the two week period was designated as a batch. Four 
batches were made at the 100% replacement level and three batches 
at the 50% replacement level as replicates throughout the study. 
Pure vanilla extract (2x)1 was added at 5.3 cc/1 to each mix 
in the flavor tank. The mixes were frozen by a single-barrel 
2 continuous freezer with a drawing temperature of -6 C. Overrun was 
determined by a scale, calibrated by the weight-volume method of 
overrun percentage determination, which is outlined by Arbuckle (6). 
Overrun was adjusted to as close to 100% as possible. Samples with 
overrun percentages less than 80% or more than 110% were rejected from 
organoleptic analysis. Frozen ice cream was packaged into coded liter 
cartons and placed in the hardening room at -29 C until delivered to 
consumers for evaluation. Samples of finished ice creams were set 
aside for organoleptic evaluation by members of the Dairy Science 
1Northville Gold Label-Pure Vanilla Extract 2 fold; Northville 
Laboratories, Inc.; Northville, MI. 48167. 
2VogtR V-103 Instant Freezer; Cherry-BurrellR Corporation; 
Cedar Rapids, IA. 
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Department Staff, 
The following determinations were made on two subsamples in 
duplicate from each patch of ice cream mix: fat, by the Mojonnier-
Roese-Gottlieb Method (11, 10); total solids, by the Mojonnier 
Method described by Atherton and Newlander (11); protein, by the 
Association of Official Analytical Chemists, Kjeldahl procedure 
(10); ash, by the Official Method using cotton with porcelain 
crucibles (10); and water by difference during the solids 
determination. Lactose was computed as the percentage added by the 
spe7ific ingredients used in the mix. Ingredient analysis yielded 
a percentage value for lactose in each ingredient, which was 
determined by subtracting the sum of protein, ash and fat from the 
total solids. 
Evaluations of the final products were conducted by two methods: 
a consumer survey and an in-house staff judging panel. Samples were 
numerically coded to prevent knowledge of the sample's identity 
during the evaluations. A total of 52 families were randomly chosen 
from Brookings to participate in the consumer survey. Each family 
was given 5-one liter samples of ice cream each week and asked to 
rate the samples for overall preference on a nine point hedonic scale 
(1=best; 9=worst). (A Typical Consumer's Rating Card is illustrated 
in Figure 2). A week's samples incl~ded one sample from each of three 
treatment mixes and a control sample, made with 100% NFDM, plus a 
duplicate of one of the other four samples. Samples were delivered 
on Friday each week at four time periods to maLe delivery smooth and 
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FIG., 2., Sample consumer score card. 
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WEEK# FAMILY# ----------- ------------
SAMPLES SCORE 
# -------------
# ___________ _ 
# -------------
# -------------
# ___________ _ 
Working between 1 and 9 (1 =best ; 9=worst)e How would you score each 
sample?- You may use the same score for more than one sample if you 
deem it appropriatec 
Name: ------------~--------
Date: ---------------------
Comments: 
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reduce heat shock .and sample loss from intense summer heat. 
Participants received samples with . 100% replacement of NFDM for the 
first eight weeks and. samples with 50% replacement of NFDM for the 
last six weeks. 
The in-house panel judged samples from each batch of mixes made 
over the trial period using the official ADSA-DIFSA score card. This 
yielded 4 evaluations from the 100% replacement study and 3 evaluations 
from the 50% replacement studya This panel also performed an 
evaluation· of the ability of the ice cream to resist lactose 
cry~tallization due to storage temperature fluctuation. Samples were 
placed in a home freezer1 with a varying temperature from -1.5 to 
-4 C. Each week for 3 months samples were judged for the presence of 
the defect of sandiness or other storage problems. 
1sears Coldspot-Frostless Refrigerator-Freezer 17 Sears Roebuck 
& Co., Inc. Chicago, IL. 
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RESULTS AND -DISCUSSION 
Mix Formulation and Preparation 
·rce creams were made meeting the general mix formula of 10% fat, 
> 20% total milks solids, 13% sugar, 3% corn syrup solids and 0.3% 
stabilizer-emulsifier blendc The same cream, sugar, corn syrup 
. 
solids, and stabilizer-emulsifier blend was used for all ice creams. 
The ice creams which were made varied in the source of MSNF and 
protein. A control ice cream of 100% NFDM was made for each trial. 
Four mixes were made at two replacement levels of NFDM over a 
fourteen week period. Four separ_::i.te mixes were blended and frozen 
at four different times over an eight week period for a total of 16 
batches of ice cream at the 100% replacement level. At the 50% 
replacement level four separate mixes were blended and frozen at 
three different times over a six week period. Therefore 28 batches 
of ice cream were made during the study. 
The three sources of milk solids and protein used in the ice 
cream mixes were as follows: ultrafiltrated dried whey concentrate 
(UFWC); a blend of UFWC and dry whole whey (DWW); and a blend of DWW 
and sodium caseinate (CAS). Compositional analysis for the dry milk 
solids can be seen in Table 2, comparative costs are also shown. To 
maintain protein content at or above 2.7% in the end product the 
blended mixes were calculated on a p~otein basis using Pearson's 
Square (6). The UFWC contained 34.7% whey protein. This product 
has been promoted as equivalent to NFDM (4, 74) which contains 33.5% 
protein. Since DWW by itself has only 12% protein a more concentrated 
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TABLE 2. Composition and cost of products used to provide MSNF for 
ice cream. 
Component NFDMa urwcb owwa CASC 
Total solids (%) 96.5 97.7 96.5 95.5 
Fat(%) 1.1 2.2 1.2 0.7 
Protein (%) 33~5 34.7 11.9 91.0 
Lactose (%) 54.9 53.5 74. 7 0.1 
Ash(%) 8.0 7.3 8.7 3.7 
Cost ($/kg) 1.65 1.55 0.44 ·2. 25 
aNonfat dry milk and dry whole whey; Land O' Lakes, Inc. 
Minneapolis, MN. 
bUltrafiltrated whey concentrate; Lynn Proteins, Inc. Granton, WI. 
cSodium caseinate; New Zealand Milk Products, Inc. Rosemont, IL. 
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source of protein must be blended with ·it to ensure a fin~l protein 
value at or above 2.7% as stated in ·the proposed Federal Standards 
(22). UFWC and CAS, both concentrated sources of protein, were 
blended with DWW to increase the protein concentration of the milk 
solids. 
Ice creams made from a blend of DWW and CAS should be similar 
in composition to t he NFDM control ice cream. Since UFWC is not as 
concentrated in protein as CAS (34.7% vs 91.0%) the blend with DWW 
should be less than the other mixes in total protein, yet not below 
the minimum (2.7%). 
DWW is the least expensive of the ingredients whereas CAS is 
the most expensive. Costs coincide with the amount of protein 
found in the product. UFWC therefore costs relatively the same as 
NFDM. DWW is the most economical, yet must be blended in order to 
maintain the total protein of the end product. When blended, the 
cost rises rapidly with addition of CAS, yet less is needed than with 
UFWC to bring up the protein level. This makes all sources of MSNF 
economical to use. 
All ice cream mixes were handled the same throughout both studies. 
Vanilla flavor was selected because it is the most popular flavor 
in the U.S. Pure vanill~ extract was used because of its true and 
I 
delicate flavor. The same pure vanilla is used at the dairy 
processing laboratory of South Dakota State University. 
It was found that all mixes blended easily during mix formulation 
except -for the sodium caseinate in the DWW and CAS blend. Sodium 
caseinate was very temperature dependent for solubility and seemed 
to coagulate with the stabilizer-emulsifier. Incorporation of 
sodium caseinate therefore sometimes became difficult and time 
consuming, even with a powder funnel and constant agitation. 
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Overrun on the DWW/CAS mix was hard to control at 100% overrun 
during freezing. The DWW/CAS mix fluctuated more than the other 
mixes and had more rejected samples due to overrun being too high or 
low. Air incorporation was not smooth or regulated without constant 
adjustment of the freezero 
Since differences were expected to be quite subtle in the 50% 
replacement ice creams, this study was conducted after the eight 
weeks of the 100% replacement level study. The participants by then 
had gained experience and skill in evaluating the ice creams. 
Compositional Analysis of the Ice Cream Mixes 
Analysis of the mixes for fat, total solids, protein and ash 
are reported for the two trials in Tables 3 and 4, showing the 
overall means, treatment means and standard deviations for each 
·analysiso 
In the 100% replacement of NFDM study the UFWC treatment batches 
had the highest mean percentages for fat, 10.59%, total solids, 
39.58% and a protein percentage of 4~21%. The DWW/CAS mixes had 
0.92% ash and 38022% solids. As expected the DWW/UFWC mixes had the 
lowest average protein percentage, that being 3.42%. The D~W/UFWC 
mixes contained 6.34% lactose which was the highest percentage found 
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TABLE -3. Average compositional analysis of the ice cream mixes made 
from NFDM (control)' and three experimental mixes at the 100% 
replacement level. 
UFWC/DWWc DWW/CASd Mean 
-------------------------%-------------------------
Fat 10.41 10059 10.49 10.23 10.43 0.302 
Protein 3. 9-4 4o21 3.42 4.01 3.89 0.171 
Lactose 5o65 5.62 6.34 5.59 5.80 f 
Ash 0.,98 0.95 0~96 0.92 0.95 0.032 
Total solids 38.,88 39.58 38.72 38.22 38.85 0.845 
aNonfat dry milk control ice cream. 
bUltrafiltrated whey protein concentrate. 
cBlend of ultrafiltrated whey protein concentrate and dry whole 
whey equivalent to 20% protein. 
dBlend of dry whole whey and sodium caseinate equivalent to 34% 
protein. 
estandard deviation of 3 experimental mixes and the control mix. 
fDuplicates were not run on lactose, a calculated value. 
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TABLE 4. Average compositional analysis of the ice cream mixes made 
from NFDM (control)' and three experimental mixes at the 50% 
- replacement level. 
UFWC/DWWc DWW/CASd Mean 
------------------- ·------%------------------------
Fat 
Protein 
Lactose 
Ash 
Total solids 
10.44 
5.,62 
L01 
38.38 
10 . 52 
3.,99 
5.,59 
0.,94 
39.23 
10.68 
3.67 
5.96 
0.94 
39.14 
aNonfat dry milk control ice cream., 
bUltrafiltrated whey protein concentrate., 
3 .. 91 
5.,05 
0.82 
38.,58 
10.62 0.215 
3.,91 0.103 
5.55 f 
0.93 0.634 
38.,58 0.634 
cBlend of ultrafiltrated whey protein concentrate and dry whole 
whey equivalent to 20% protein. 
dBlend of dry whole whey and sodium caseinate equivalent to 34% 
protein. 
eStandard deviation of 3 experimental mixes and the control mix. 
£Duplicates were not run on lactose, a calculated value. 
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in the mixeso This can be- explained by · the fact that two-thirds of 
the blend was made of DWW containing 74.7% lactose. The NFDM control 
ice cream mixes compared very closely with the DWW/CAS mixes as 
expectedo 
In the 50% replacement of NFDM study, (Table 4), the DWW/CAS 
mixes did not compare as well with the control ice cream mixes in 
component composition. The DWW/CAS mixes were highest in the 
percentage of fat 10.84% . whereas the NFDM control was 10.44%. The 
control mixes averaged 4.08% protein with the DWW/CAS mixes containing 
on]·, 3.91%. The UFWC mixes came closer in protein composition with 
3.99% protein and further matched up very closely in fat and lactose 
content to the NFDM control mixes. Once again, as expected, the 
UFWC/DWW mixes contained the least amount of protein with only 3.67%, 
yet the greatest amount of lactose, 5.96%. For the component total 
solids the UFWC mixes were the highest with 39.23% while the DWW/CAS 
mixes were the lowest at 37.57%. 
Both studies had overall component means which were very similar. 
The standard deviations from these mean values were <1.0 for each 
·Component in all mixes. The greatest deviation occurred in solids 
(0.634) in both studies with the same deviation occurring for ash in 
the 50% replacement study. Protein varied the least in both studies 
as expected since all mixes were car~fully calculated for protein 
content. 
Panel Evaluation of the Ice Creams 
Three professors from the Dairy Science staff evaluated samples 
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from - each batch of ice cream made throughout both studies. There 
were four batch comparisons for the 100% replacement study and three 
batch comparisons for the 50% replacement study. The analysis of 
variance tables for the 100% replacement study data are shown in 
Tables 5 arid 6 and the 50% replacement study data in Tables 7 and 8. 
Sources of variance in the panel evaluations were as follows; 
treatment, batch and eater including all the interactions between 
them. Trec:1tment was considered the type of MSNF used. Batch was 
designated _a given formulation of all treatment mixes plus a control 
mix from which two weeks of consu~er survey samples were frozen. 
Eater was the term representing a staff member that was evaluating 
the ice cream samples. 
The analysis of variance yielded no significant difference 
(P>.05) in body and texture and flavor evaluations for the factors 
of treatment and the batch by eater . interaction (Tables 5, 6, 7 and 8). 
A significant (P<o05) difference was seen in the eater factor in the 
100% replacement flavor evaluation (Table 5). The difference -seen 
for the eater factor in the body _and texture evaluation of the same 
study was highly significant (P<.01) (Table 6). In the 50% 
replacement study both in the flavor (Table 7) and the body and 
texture (Table 8) evaluations indicated a highly significant 
difference (P<.01) for the eater fac~or. These differences were 
expected since each judge had his own opinion of the body and 
texture and flavor of a perfect ice cream. For the analysis of the 
panel evaluation a factorial design was used (75). Expected mean 
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TABLE -5. Analysis of variance of flavor scores obtained from the 
staff panel evaluations of 100% replacem~nt NFDM ice creams. 
Source DF ss MS F DF Significance 
Total 4-7 31.000 
Batch (B) 3 L167 .389 
Treatment (T) 3 0.500 0167 .225 (3, 9) NS 
T i: B 9 6.667 074-1 
Eater (E) 2 9.375 4-.688 6.814- (2, 6) ,': 
T * E 6 4-.125 0.688 
B -le E 6 00958 0.160 .351 (6, 18) NS 
T ,': B 'I: E 18 8.208 .4-56 
*Significant (P<.05)o 
TABLE 6 • . Analysis of variance of body and texture scores obtained 
from the staff panel evaluations of 100% replacement NFDM ice 
creams. 
Source 
Total 
Batch (B) 
Treatment {T) 
T 1~ B 
Eater (E) 
T t, E 
B * E 
DF 
47 
3 
3 
9 
2 
6 
6 
18 
ss 
16.000 
2.833 
1.167 
1.333 
MS F DF 
0389 2.646 (3, 9) 
.147 
6.125 3.062 25.949 (2, 6) 
.118 
1.542 
2.292 
.257 2.024 (6, 18) 
**Highly significant (P<.01). 
Significance 
NS 
NS 
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TABLE 7. Analysis of variance of f -lavor scores obtained from the 
staff panel evaluations of 50% replacement of NFDM ice creams. 
Source DF ss MS F DF Significance 
Total 35 36.,306 
Batch (B) 2 1L722 5.861 
Treatment (T) 3 4.528 1.509 L917 (3, 6) NS 
T * B 6 4. 722 • 787 
Eater (E) 2 6.222 30111 21.020 (2, 6) '1:,': 
T ,'; E 6 0.889 .148 
B -!; E 4 4.111 1 .. 028 3 .. 006 (4, 12) NS 
T ,., B ,': E 12 4.111 .. 342 
**Highly significant (P<.01)o 
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TABLE 8 .. . Analysis of variance of body and texture scores obtained 
from the staff panel evaluations of 50% replacement of NFDM ice 
• ' creams. 
Source DF ss MS F OF Significance 
Total 35 7.,639 
Batch (B) 2 2.056 L028 
Treatment (T) 3 0. 7 50 0.250 0693 (3, 6) NS 
T ;': B 6 2.167 .. 361 
Eater (E) 2 0.722 .,361 12 .. 893 (2, 6) 1:~': 
T E 6 o •. 167 .,028 ') 
B ,., E 4 0.611 .153 1.577 (4, 12) NS 
T ~·: B E 12 1.167 .097 
**Highly significant ( P<. 01). 
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squares used for testing differences are illustrated by the variance 
within the panel evaluation table given in Appendix Table 1 along with 
the possible F-tests given in Appendix Table 2. 
In other research panel studies both trained judges 
(4, 12, 27, 28) and consumers with no previous experience have been 
used (4, 18, 28, 29) o A l east cost formulated ice cream containing 
whey solids was evaluated against a NFDM control ice cream by 
rrazeur et al . (28)Q An expert panel could not distinguish a 
significant difference (P<o05) between the ice creams (28). Crowe 
reported that whey could be used up to 75% of the serum solids of a 
mix without a flavor or body and texture difference being 
significantly observed by a panel of expert judges. Frazeur (27) 
reported that when ice creams were made from excellent flavor quality 
whey and average flavor quality whey and were evaluated against a 
NFDM control that significant (P<.05) and highly significant (P<.01) 
differences occurred, respectively, with the two wheys. The two 
wheys were both found to produce an inferior quality product compared 
to the NFDM ice cream (27). Bhusri and Jordan (12) reported a 
preference for sweet whey and modified whey blend over NFDM as a 
source of MSNF in ice cream, yet their report had no statement of 
significance. In another report (4), very similar to this thesis, 
UFWC, a blend of UFWC and DWW and a blend of fresh curd caseinate 
with DWW were evaluated against a control by a panel. No significant 
difference (P>.05) was found between the ice cream scores when 
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judged -by an experienced taste panel (4). This was also the result 
from the panel evaluation in this project. However, sodium caseinate 
was being evaluated as a source of MSNF in ice cream in this project 
making this report different from the previous research (4). 
After three months of periodically evaluating the different 
ice cream samples the judges determined that only slight, if any 
sandiness had occurred. The samples were kept in a home-style 
refrigerator-freezer for the three month period and had become very 
coarse ~d icy. The judges agreed that the ice creams would have 
been rejected by this time. Any sandiness development after t~is 
would be insignificant, for the judges rejected the samples as being 
poor in quality due to ice and coarseness. 
This was unlike early research by Leighton (49) in which very 
low levels of NFDM replacement with whey solids were recommended 
for fear of sandiness occurring in the final ice cream. Reid and 
Shaffer (67) found sandiness to develop in ice cream containing 10% 
whey solids as storage time lengthened. Since development of better 
methods for stabilization in the .1960's (61), there has been limited 
occurrence of sandy ice cream. Today with more whey being used the 
chances of sandy ice· cream have increased; yet with better stabilizers 
this has been held to a minimum, only occurring .when a severe 
temperature shock has occurred during shipment. 
Consumer Evaluation of the Ice Creams 
Participants for the survey were chosen by assigning a number to 
every Brookings resident listed in the telephone directory. The 
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South Dakota State University comput.er center generated 100 random 
numbers between one and the total number ' of families in Brookings 
(4783). The randomly selected names were sent a letter of invitation 
to participate in the consumer study (see Appendix Table 3). Due to 
the overwhelming positive response a fish bowl technique had to be used 
to limit the number to about 50 families. The families chosen to 
continue were then sent: (1) a letter of instatement as a participant 
(Appendix Table 4), (2) a questionaire for delivery scheduling 
(Appendix Table 5), and (3) a set of instructions and recommendations 
(A~pendix Table 6) on evaluation of the ice crean samples. The 
families not chosen to continue were sent a letter of regret and 
thanks (Appendix Table 7). 
The families continuing in the study received five liters of 
ice cream each week for 14 weeks totaling 70 liters of ice cream. 
Score cards were collected from the 52 consumer families and scores 
recorded each week. Treatment mean scores of the ice creams made 
and evaluated can be seen in Table 9. The overall mean score for both 
studies is also shown. Scores were based on a nine point hedonic 
scale with 1=the best and 9=the worst. 
The best mean score for the 100% replacement ice creams was 
3.30 while for the 50% replacement it was 2.99. At the 100% 
replacement level the best mean scar~ was held by the UFWC/DWW ice 
crearne The best mean score in the 50% replacement evaluation was held 
by the UFWC ice cream. In both replacement level evaluations the 
worst mean score was held by the same experimPntal ice creams, the 
TABLE 9. Treatment mean scores of .ice cream evaluation by the 
participants in the consumer evaluationa. 
NFDM Replacement Level 
Ice Cream 
NFDM (control)b 
UFWC/Dww<l 
DWW/CASe 
Overall mean score 
100%f 
3.54 
3.48 
3.30 
3 "gg,'d: 
3.54 
50%g 
3.40 
2.99 
3.25 
3. 12,·:,': 
3.34 
aNine point hedonic scale used (1=the best; 9=the worst). 
bNonfat dry milk control ice cream. 
cUltrafiltrated whey protein concentrate. 
dBlend of ultrafiltrated whey protein concentrate and dry 
whole whey equivalent to 20% proteino 
eBlend of dry whole whey with sodium caseinate, equivalent to 
34% protein., 
f Ice cream scores are means of eight replications. 
glee cream scores are means of six replicationso 
**Highly significant (P<.01). 
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DWW/~AS ice creams. The sqores were · 3.99 and 3.72 for the 100% and 
50% replacement evaluations of the DWW/CAS ice creams, respectively • 
. Analysis of variance (AOV) was performed on the data for 
differences between treatment, batch, week within batch, and family, 
including all the interactions of each factor. The variances within 
the consumer evaluation and the F-tests including the quasi F-test 
for treatment differences can be found in Appendix Tables 8, 9. 
A quasi F-test was required for the factur of treatment since the 
expected mean square (Appendix Table 8) had six variance terms .and 
no other factor could provide a suitable error term, or divisor which 
·would isolate the variance due to the treatment effect. Therefore, 
the quas{ F-test by combining more than one factor's expected mean 
square together could form a suitable error term, and isolate the 
variance due to a treatment as shown in Appendix Table 9. 
Using more than one mean square term in either the numerator or 
denominator caused the degrees of freedom to change for the F-test. 
Therefore, the degrees of freedom for the treatment quasi F-test were 
calculated by a specific formula (15) as shown in Appendix Table 10. 
The use of the quasi F-test enabled the correct determination of 
treatment F-values in the analysis of variance (AOV) tables by 
isolation of the variance term due to treatment effects. 
Table 10 contains the score analysis of the 100% replacement 
trial. r,reatment by family and batch by families interactions were found 
to be significant (P<.05) which cannot be explained. The factor of 
family was found to show a highly significant difference (P<.01), as 
TABLE 10. Analysis of variance for - scores obtained from the 
participants in the ' consumer study for the 100% replacement of 
NFDM ice creams. 
F-values 
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Source 
Sum of 
DF squares 
Mean 
squares (d.f.) Significance 
Total 
Treatment (T) 
(quasi F-test) 
Batch (B) 
T ~·: B 
Week in Batch 
W (B) 
T * W (B) 
Family (F) 
T ~·: F 
B ,': F 
W (B) i: F 
T ,'c W (B) ~·: F 
1663 6017.221 
3 118.688 
3 2.135 
9 28.880 
4 5.625 
12 39.163 
51 1352.159 
153 582.125 
153 572.678 
459 1171.558 
204 577.125 
612 1567 .086 
*Significant (P<.05). 
**Highly significant (P<.01). 
39.563 
0.712 
3.209 
1.406 
3.264 
26.513 
3.805 
3.743 
2.552 
2.829 
6.004 
(3, 44) 
0.506 
(3, 4) 
0.985 
( 9, 12) 
0.376 
( 4, 153) 
1.279 
(12, 459) 
7.083 
( 51, 153) 
1.491 
(153, 459) 
1.323 
(153, 204) 
0.997 
(459, 612) 
NS 
NS 
NS 
NS 
~·= 
NS 
expected and is of no industrial importance. This shows that a 
good cross-section of people were involved in the study. The only 
othe~ significant factor was the treatments. Here the results of 
the test were highly sfgnificant (P<.01) and more importantly 
should be of value to the ice cream industry. Upon applying 
Tukey's numbers (JS) to the treatment means (Table 9) to find any 
treatment mean that was different from the other treatment means, 
the DWW/CAS ice creams were inferior to the other three ice creams. 
The difference being highly significant (P<.01) as judged by the 
52 families participating in the consumer survey.-
Table 11 contains the analysis of the 50% replacement trial. 
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The interactions of the factors family by treatment and family by 
batch did not appear to be significant at the (P<.05) level as they 
did in the 100% replacement trial. Again the factor of family was 
highly significant (P<.01) and indicated that a good random sample of 
families had been selected. The treatment factor appeared to have a 
highly significant (P<.01) difference in the treatment mean scores • 
. Tukey's numbers (75) was applied to indicate any difference between 
treatment mean scores (Table 9). The DWW/CAS ice creams showed a 
difference that was highly significant (P<.01). The mean score of 
3.721 indicates that the 52 families judged this ice cream to be 
poorer in quality than the other ice creams. Again~ this information 
should be of value to the ice cream industry. 
In previous consumer studies the use of processed wheys and 
TABLE 11 ~ Analysis , of variance for scores obtained from the 
participants in the consumer study for the 50% replacement of 
NFDM ice creams. 
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Source DF 
. Sum of 
squares 
Mean 
squares 
F-values 
(d.f.) Significc;3.nce 
Total 
Treatment (T) 
(quasi _F-test) 
Batch (B) 
T -1: B 
Week in Batch 
W (B) 
T:':W(B) 
Family (F) 
B * F 
T,':B,':F 
W(B),':F 
T ,': W (B) ,': F 
1094 4467.218 
3 86 . 686 28.895 
2 43.391 21.696 
6 3.045 00508 
3 9.481 3.160 
9 15.577 1.731 
51 1414.551 27.736 
153 328.981 2.150 
102 258.526 2.534 
306 805.038 2.631 
153 
459 
503.269 
998.673 " 
3.289 
2 .176 
*Significant (P<.05). 
**Highly significant (P<.01). 
11.861 
(4, 92) 
6.866 
( 2, 3) 
0.293 
(6, 9) 
1.247 
(3, 102) 
0.658 
(9, 306) 
10.946 
(51, 102) 
0.817 
(153, 306) 
o. 770 
(102, 153) 
1.209 
(306, 459) 
,·:~'; 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
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modified wheys has shown favorable p.Cceptance. Frazeur et al. (28) 
reported no significant difference between a least cost ice cream 
containing whey and a NFDM control. In a consumer study Frazeur and 
Harrington (29) later reported significant (P<.05) to very highly 
significant (P<.001) differences in ice creams made from average 
flavor quality wney, excellent flavor quality whey, and electrodialyzed 
whey, .which replaced 25% of the MSNF. We found a highly significant 
(P<.01) difference in ice creams made with a blend of CAS and DWW as 
did another author (4) when comparing fresh curd caseinate as a source 
of MSNF to a NFDM control ice cream in a consumer study. Each time 
the ice cream containing caseinate scored lower in quality. 
Also 5 as part of the consumer evaluation a control was set up 
so that statistically we could determine if the consumers were being 
honest and fair and how accurate they were. This control took the 
form of a hidden duplicate which was randomly chosen from the ice 
creams (1-NFDM control 3-treatments). The scores of the duplicate 
samples were analyzed statistically to find if the participants scored 
the pair the same. In the 100% replacement study the me-an difference 
(-0.130) was found to be within the standard error (.272). Also in 
the 50% replacement study the mean difference was observed in the 
scoring of the duplicate pair. The participants were becoming more 
skilled in determining the hidden duplicates. This was shown by 
their scoring the pair the same more consistently in 50% replacement 
study (mean difference -.0.033) than in the 100% replacement study 
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(mean .difference -0.130). 
During the fourteen weeks of evaluation consumers made various 
comments about the ice cream samples containing UFWC being "creamier" 
and "smoother" tasting, while they indicated the ice cream samples 
containing the whey blend were "sweeter" and very similar in taste 
to soft serve ice cream products. The after taste of sodium 
caseinate in the ice cream samples was described by some participants 
as "sour" or "bitter." 
Overall the consumer study of 52 families rated the UFWC and 
UFWC/DWW ice creams equal to or ~lightly better than the NFDM control 
ice cream in both the 50 and 100% replacement. However, by the same 
consumer evaluation ice cream containing sodium caseinate was rated 
poorer in quality. Therefore, from a consumer acceptance stand point 
v 
the use of processed whey and whey derivatives is completely feasible. 
The use of sodium caseinate however would be rejected both by 
consumer flavor acceptance and processing ease. Once again it should 
be pointed out that even though these whey products are feasible and 
acceptable in substitutions up to 100% replacement they are presently 
illegal when used at any level in ice cream. DWW can now be used in 
ice cream up to 25% of the MSNF. 
SUMM_ARY AND CONCLUSIONS 
.Processed wheys and sodium caseinate were tested as feasi:J le 
rep la.cements of nonfat dry milk as milk solids nonfat in ice r..:r·,;am. 
Milk solids nonfat subs.ti tut ions were as follows: ultrafiltrr.1tJ;d 
dried whey concentrate (UFWC); a blend of ultrafiltrated dried whey 
concentrate and dry whole whey; and a blend of dry whole whey and 
sodium caseinate. Replacerne.nts of nonfat dry milk were made at 50 
and 100% and tested against a nonfat dry milk control ice cream. 
All ·mixes were to meet the general mix formula of 10% fat~ 
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-< 20% milk solids, 13% sugar, 3% corn syrup solids and 0 .. 3% 
.stabilizer-emulsifier blend. The final product was tested by three 
:m~thods; compositional analysis on 2 subsamples of each batch of mix 
made., a panel evaluation of all ice creams for flavor ., body and 
texture., and a 52 family consumer evaluation of all ice creams for 
overall preference or differences. 
Batches averaging .114 kg of mix were blended and pasteurized 
(72 C for 30 ·min.) .; homogenized with a two stage homogenizer 
(1080 kg/cm2 ).; cooled to 4 C; flavored with pure vanilla extract; 
and frozen in a continuous freezer. · Ice cream was packaged in one 
liter containers then stored at -30° C. 
1'-he compositional analysis on the .28 batches totaling over 3,000 
kg of ice cream~ ave~aged to be 1045% fat~ 349% protein, 5.7% lactose, 
0 ... 94% ash .and a total solids of 38.7%0 Standard deviations from 
this composition were all less than 1.00. 
The panel evaluation yielded no significant difference (P>.05) 
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by thr~e Dairy Science Department staff members. These staff members 
also found sandiness not to have been a problem with any of the ice 
creams. 
Fifty-two families were randomly selected from the city of 
Brookings for a consumer evaluation of the ice creams. The 14 week 
evaluation was conducted in which the families received 5 liters of 
ice cream containing two controls, 100% replacement for 8 weeks and 
50% replacement for 6 weeks. Samples of the ice creams were rated 
on a nine point hedonic scale. The best ice cream for the 100% 
replacement level was the ice cream containing the blend of 
ultrafiltrated dry whey concentrate and dry whole whey, while for the 
50% reglacement level the ice cream containing the ultrafiltrated 
dry whey concentrate was the best. In both studies, the ice creams 
contalning the blend of dry whole whey and sodium caseinate were 
inferior to the other ice creams with the difference being highly 
significant (P<.01)o 
From this study it can be concluded that use of processed whey 
and whey derivatives are completely feasible as substitutes for 
nonfat dry milk as milk solids nonfat at any replacement level in ice 
cream. Sodium caseinate would be rejected on the basis of processing 
problems and consumer opinion as a milk solids nonfat ingredient in 
ice cream. From the basis of this study whey products should be used 
by the ice cream industry at any level desired. However, until the 
laws are amended or abolished replacement of milk solids nonfat by 
these whey products at any level is illegal. 
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APPENDIX TABLE 1. Variances within the analysis of variance on the 
data obtained in the ' staff panel evaluation of ice creams. 
Factor Expected mean squaresa 
Batch (B)b o2B 
Treatment (Tf o2BT + o2T 
T 1~ B o2BT 
Eater (E)d o 2BE + a2E 
B 'I: E a2BE 
T ,·~ E o2BTE + o2TE 
-B ,·~ T ,,~ E o2BTE 
acoefficients have been omitted so that the expected mean square 
values can be illustrative for both the 50 and 100% replacement 
analyses. 
bBatch = the amount of ice cream made for 2 weeks of delivery to 
consumers and repetition for ice cream mix formulation. 
cTreatment = the change in the type of MSNF used in the ice 
cream. 
dEater = a member of the Dairy Science staff who was evaluating 
ice cream samples. 
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APPENDIX TABLE 2. Possible F-tests from estimated mean squaresa for 
analysis of variance tables of data from the panel evaluation of 
-ice creams. 
Factor F-tests 
T T MS cr 2BT + o 2T 
(Treatment) F = = 
T ,': B MS cr 2BT 
E EMS cr 2BE + o2E 
(Eater) F = = 
B ;': EMS cr 2BE 
T ,,, E T 'I: EMS o 2BTE + o 2TE 
(Treatment by F = = 
Eater interaction) 
o2BTE B ,·~ T ,': EMS 
aCoefficients have been omitted so that the expected mean square 
values can be illustrative for both the 50 and 100% replacement 
analyses. 
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APPENDIX TABLE 3. Letter of invitation fqr the consumer study. 
Dwight Coder 
Dairy Science Department 
SDSU, Brookings, SD 57007 
April 10, 1978 
Dear 
This summer as part of my research for the Master's of Science 
degree in Dairy Science at South Dakota State University, I will be 
running a consumer study on the acceptability of vanilla ice cream 
mac.: from different ingredients. 
You have been selected randomly from the Brookings area and are 
invited to participate as a test household in this consumer survey. 
If you elect to participate in the consumer study, your household 
will be asked t o taste and evaluate samples of ice cream over a 
twelve week period. Through special arrangements we will be able to 
allow for vacation periods if your family is planning on a trip this 
summer. 
For your help in our study, each week your household will receive 
five quarts of vanilla ice cream - free of charge. This ice cream 
is yours to enjoy after evaluating the samples. 
Please fill out the enclosed card and return it to me. Thank 
you for your kindness. 
Sincerely, 
Dwight Coder 
Graduate Student 
v 
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APPENDIX TABLE 4. Letter of instatement as a participant. 
Dear 
Dwight Coder 
Dairy Science Department 
SDSU, Brookings, SD 57001 
May 16, 1978 
After limiting the number of participants to only 50 families I 
am happy to announce that you have been chosen to continue in my . 
study. I hope that all of you will seriously approach this enjoyable 
project and complete all twelve ·.·eeks of evaluation. To facilitate 
your completion of all twelve weeks I have asked for any of you 
taking a short vacation to indicate the dates on the enclosed 
questionaire. 
Since I will be delivering the ice cream to your homes on Fridays 
and ice cream is a perishable product, especially in 90° F weather. 
I have also asked for you to indicate what time during the day you 
will be at home to receive the samples. All samples must be stored 
in a freezer until evaluation. 
Now to answer a few of your questions about the survey. I am 
studying the composition and consumer acceptance of _various milk 
proteins in ice cream. The protein portion of the ice cream mix 
will be the only change in the ice cream; all samples will be vanilla 
flavored. 
You will receive your first samples on May 26, 1978, at that 
time you will be given a score card to indicate your household 
evaluation of each sample. This score card will be collected the 
following week when I deliver the next set of samples. Deliveries 
will be made on Fridays, dating May 26, June 2, 9, 16, 23, and 30, 
then again on July 21 and 28; August 4, 11, 18, and 25. If for any 
reasons you can not accept samples on one of these d&·::es, please call 
me before Friday and leave word to a .more convenient time of 
delivery. You can leave a message for me at this number: 688-4116. 
Sincerely~ 
Dwight Coder 
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APPENDIX TABLE 5. Questionaire for delivery scheduling. 
QUESTIONAIRE 
1., Are you planning to be absent during any part of the twelve week 
study periods? 
YES NO 
If so, when ? 
3., How many are in your household ? --------
4. What time on Friday is most convenient for you to receive the 
s.amples? 
12 noon to 1 p.m., 
9 a.m., to 10 a.m. 
4 perno to 5 p.,m. 
6 p.m. to 7 p.,m., 
Please return by mail with the return envelope provided., 
Please return by May 23, 1978. 
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APPENDIX TABLE 6. A set of -instructions on ice cream evaluation. 
SAVE THIS SHEET 
INSTRUCTIOHS TO PARTICIPANTS 
1. You will receive each week: 
a. Five 1-qt. packages of vanilla ice cream labeled by a four 
digit code number. 
b. A consumer acceptance report card (4x6"). 
2. All members ~p the family or household over six years of age are 
invited to taste and examine and comment on the various samples. 
The final score for each ice cream should be determined by a 
group effort, with the final report card showing the household 
group score for each sample. 
3. Scoring the samples will be done on a nine point scale where 
1=the best, and 9=the worst as shown below. The same numerical 
score . may be used for more than one sample, if you feel the · 
samples are the same or very close. 
DE SCRIPT ION SCORE 
Like extremely 1 
Like very much 2 
Like moderately 3 
Like slightly 4 
Neither like nor dislike 5 
Dislike slightly 6 
Dislike moderately 7 
Dislike very much 8 
Dislike extremely 9 
4. Your score card will be picked up each week, one week after the 
delivery of the samples listed on the card., 
5. Each time you fill out the report card on the particular week's 
samples, make sure your name and address is on your card so it is 
not confused with other reports. 
6., I suggest the following in sampling your ice cream: 
a. Sample all five samples at one time so as to get a comparison 
(one to three spoonfuls is all that is needed for tasting by 
each member) • 
b. All family members should taste the samples at the same time 
so that many of the condition variables (temperature, 
appetite, etc.) are consistent for all members of the 
household. 
c. Samples should not be tasted with any toppings or sauces. Feel 
free after the report card is completed to eat the remaining 
. ice cream in any fashion or manner you so desire. 
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APPENDIX TABLE 7. Letter of regret and thanks. 
Dwight Coder 
Dairy Science Department 
SDSU, Brookings, SD 57007 . 
April 27, 1978 
Dear 
Due to limited research funds and the overwhelming response · I 
have had to my survey, I have been forced to eliminate some of the 
families that responded favorably. This was not a pleasant task 
fo~ me. I must unhappily inform you that your household was not 
chosen to continue in the survey. The households were once again 
chosen randomly so bias would not enter into our study. 
Thank you for volunteering. 
Sincerely, 
Dwight Coder 
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APPENDIX TABLE 8. Variances within the analysis of variance on the 
data obtained in the consumer evaluation.of ice creams. 
Factor 
Treatment (T)b 
Batch (B)c 
T i; B 
Week in batch W(B)d 
T,';W(B) 
Far:ily (F)e 
B ,'; F 
T ~'( B {~ F 
w (B) ,,, F 
w (B) F ';': T 
a Expected mean squares 
o 2TFW(B) + cr 2TBF + o 2TW(B) + cr 2TF + cr 2TB + cr 2T 
o2FW(B) + cr 2BF + cr 2W(B) + cr 2B 
o 2TFW(B) + cr 2TBF + cr 2TW(B) + 0 2TB 
a 2rw(~) + cr 2Br + cr 2W(B) 
o 2TFW(B) + cr 2TBF + cr 2TW(B) 
o2FW(B) + o2BF + cr 2F 
o2TFW(B) + cr 2TBF + cr 2T * F 
o2FW(B) + cr 2BF 
o 2TFW(B) + cr 2TBF 
o2FW(B) 
o2TFW(B) 
aCoefficients have been omitted so th~t the expected mean square 
values can be illustrative for both the 50 and 100% replacement analyses. 
bTreatment = the change in the type of MSNF used in the ice 
cream. 
cBatch = the amount of ice cream made for 2 weeks of delivery to 
consumers and repetition for ice cream mix formulation. 
¾eek in batch = tl1e repetition of the same ice cream given to 
consumers for evaluation. 
eramily = the randomly chosen households in the study. 
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APPENDIX TABLE 9. Possible F-testsa ·from estimated mean squaresb for 
analysis of variance 'tables of scores from consumer evaluations of 
i ce creams. 
Factor 
T'~B1:f 
(Treatment by batcb 
by family interaction) 
T 1: F 
(Treatment by family 
interact ion) 
T ,•: W(B) 
(Treatment .by week 
interaction) 
T ~·: B 
(Treatment by 
batch interaction) 
B ~·: F 
(Batch by fam i ly 
interact ion) 
F 
(Family) 
W(B) 
(Week in batch) 
·B 
Batch 
T 
(Treatment) 
F-tests 
F = T ,•: B ,•: F MS = cr 2TFW(B) + cr 2TBF 
W(B) ~·: F ~·: T MS cr2TFW(B) 
F = T ,': F MS = cr 2TFW(B) +cr 2TBF + cr 2Tr 
T ,•: B ~·: F MS cr2TFW(B) + cr 2TBF 
F = T ~·: W(B) MS = cr 2TFW(B) + a 2TBF + cr 2Tw(B) 
T '1: B ,•: F MS a 2TFW(B) + a2TBF 
F = T ,': B MS = a 2TFW(B) + a 2TBF + a 2n-l( B) 
T ~·: W(B) MS cr2TFW(B) + a2TBF + a2TW(B) 
F = B ~·: F MS = a 2rw(B) + a 2BF 
W(B) ,•: F MS cr2FW(B) 
F = F MS = a 2FW(B) + a 2BF + a 2r 
B -I: F MS cr2rw(B) + o 2BF 
F = W(B) MS = a 2rw(B) + a 2BF + a 2W(B) 
B ,•: F MS a2FW(B) + a2BF 
F = B MS = a 2FW(B) + a 2Br + a 2W(B) + cr 2B 
W(B) MS a2rw(B) + a2Br + a2W(B) 
T MS+ TBF MS 
Fquasi = TB MS+ TF MS 
+ cr 2TB 
2 a 2TFW(B) + 2 .a 2TBF + a 2TW(B) + a 2TF + a 2TB + a 2T 
2 o2TFW(B) + 2 o2TBF + cr2TW(B) + a2TF + a2TB 
aF-tests include both standard F-tests and quasi F-tests. 
bcoefficients have been omitted so that the expected mean square 
values can be illustrative for both the 50 and 100% replacement analyses. 
APPENDIX -TABLE 10. Calculations of the degrees of freedom for 
treatment quasi F-tests. 
Ice cream study 
100% replacement 
of NFDM 
50% replacement 
of NFDM 
Numerator 
(39 + 3)2 
= 
(39) 2 (3) 2 - + -3 459 
(29 + 3)2 
= 
(29) 2 (3)2 
3 + 306 
Denominator 
(3 + 4)2 
3 = 
(3)2 (4)2 
- + 9 153 
(. 5 + 2)2 
4 = 
(~)2 (2)2 
6 + 153 
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